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DOCUMENT-IDENTIFIER: US 20030068872 A1 



TITLE: Laser annealing method and laser annealing device 



KWIC 



Current US Classification, US Primary Class/Subclass - CCPR (1 ): 
438/487 



Summary of Invention Paragraph - BSTX (14): 

[0013] 3) The use efficiency of an energy is deteriorated. For the purpose 
of enhancing the crystallinity, the energy density of laser must be increased. 
As the energy density is increased, the power consumption is also increased. 
In addition, the entire laser irradiating device including a laser oscillator 
and a circuit, a gas and an optical systems is largely consumed, resulting in 
the increased costs of a manufactured device. Also, although the crystallinity 
is increased as the energy density of laser is increased, an entire film which 
has been subjected to laser-annealina is remarkably roughened, thereby 
making 

it hard to manufacture the device by processing the film. 



Summary of Invention Paragraph - BSTX (37): 

[0035] Also, it is preferable that the upper surface of the non-monocrystal 
silicon film is cleaned by HF aqueous solution or aqueous solution containing 
HF and H.sub.20.sub.2 therein to remove the natural oxide film before 
conducting laser-annealing. It is preferable that the subsequent step of 
manufacturing the silicon oxide film, or step of laser-annealing in an 
atmosphere containing oxygen therein is conducted while heating the substrate 
because the rate of forming the silicon oxide film is improved. The above 
steps may be conducted while irradiating ultraviolet rays on the film. 



Summary of Invention Paragraph - BSTX (45): 

[0043] The pressure applied when conducting laser-annealing may be 
atmospheric pressure. In the case where the pressure applied when conducting 
laser-annealing is reduced to atmospheric pressure or less, in particular, to 
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0.01 to 700 Torr, the upper surface or the entirety of the crystalline silicon 
film is less roughened bv the irradiation of pulsed laser beams by plural 
times, which is preferable. In other words, the pulsed laser beam irradiation 
resistance of the crystalline silicon film is improved so that a film less 
roughened is obtained. In the case where the pressure applied when 
conducting 

laser-annealina is more than 700 Torr. the roughness of the film is nearly 
identical with that in the case of atmospheric pressure. In the case where the 
pressure is less than 0.01 Torr, such effects as improvements in crystallinity, 
uniformity in quality, and the energy efficiency are then remarkably 
deteriorated. 



Summary of Invention Paragraph - BSTX (48): 

[0046] To implement the present invention, the non-monocrystal silicon film 
is exposed to an atmosphere containing oxygen therein, or the upper surface of 
the non-monocrystal silicon film is oxidized by heating or the irradiation of 
ultraviolet rays under the condition where the non-monocrystal silicon film is 
exposed to an atmosphere containing oxygen therein, and then the film thus 
obtained is laser-annealed. 



Summary of Invention Paragraph - BSTX (51): 

[0049] The silicon oxide film according to the present invention is 
completely different from a cap layer (what prevents the roughness fridges) on 
the surface of the silicon film which is caused during laser -annealing by the 
mechanical strength of a film which is formed as a silicon oxide film or a 
silicon nitride film several 1000 .ANG. in thickness on the amorphous silicon 
film when conducting laser-annealing mainly using a small-output continuous 
oscillation laser). 



Detail Description Paragraph - DETX (41): 

[0099] Naturally, even though laser-annealing is conducted in an atmosphere 
containing oxygen therein, if the energy density of the laser beam is too 
increased, the entire film is largely roughened while the crystallinity is 
improved. This makes it difficult to use the film as a device such as a 
thin-film transistor. In this example, the energy density of the laser beam is 
preferably set to 270 mJ/cm.sup.2 or less. 



Detail Description Paragraph - DETX (43): 
[0101] The laser-annealing in the above atmosphere containing oxygen 
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therein 

may be conducted not in the atmospheric pressure, but in a pressure lower than 
the atmospheric pressure, in particular, under the reduced pressure of 0.01 to 
700 Torr. With the conduction of laser annealing under the above reduced 
pressure, the roughness of the surface or the entirety of the annealed 
crystalline silicon film can be reduced. 



Detail Description Paragraph - DETX (68): 

[0125] It should be noted that the laser-annealing in a nitrogen atmosphere 
has the effect of suppressing the occurrence of ridges (the roughness of 
the 

surface of the crystalline silicon film after being laser -annealed) in 
comparison with other air, an atmosphere containing oxygen therein, an 
atmosphere containing hydrogen therein, etc. 



Detail Description Paragraph - DETX (135): 

[0187] Moreover, since the atmosphere when conducting laser-annealing is 
set 

to a nitrogen atmosphere, the occurrence of ridges is suppressed in 
comparison 

with an oxygen atmosphere. As a result, in addition to an improvement in the 
crystallinity and the quality of the crystalline silicon film obtained by 
conducting the cleaning process and the laser annealing process 
continuously 

with the substrate being not exposed to the air the ridges are suppressed, 
thereby being capable of making the quality of the crystalline silicon film 
more excellent. 
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DOCUMENT-IDENTIFIER: US 2003001 7658 A1 



TITLE: Non-single crystal film, substrate with non-single 

crystal film, method and apparatus for producing the 
same, method and apparatus for inspecting the same, thin 
film trasistor, thin film transistor array and image 
display using it 



KWIC 



Current US Classification, US Secondary Class/Subclass - CCSR (1): 
438/166 



Detail Description Paragraph - DETX (6): 

[0073] The present inventors found, in the process of intensive study 
directed toward preventing property variations from arising in a non-single 
crystal semiconductor film, that a polysilicon film (p-Si film) fabricated by 
irradiation of excimer laser, which is ultraviolet light, has a substantially 
regular rough structure present on the surface thereof and this rough 
structure 

has a strong correlation with the degree of crystallization and that the 
polysilicon film shows various aspects depending on laser irradiation 

conditions. In addition, the correlation between crystallinity and TFT 
properties has been confirmed. 



Detail Description Paragraph - DETX (14): 

[0081] Subsequently, a test beam 3 is irradiated to a region where the 
excimer laser beam has been irradiated, and diffracted light 8 of the test beam 
is monitored by a diffracted light detector 4. At this point, the test beam 3 
that reached a region not having been crystallized only makes mirror reflection 
due to the smoothness of the surface of the a-Si 2 and does not reach at all 
the diffracted light detector 4 disposed outside the axis. In addition, in a 
p-Si film 6 formed by irradiation in such a laser energy range that is 
relatively lower than the thresholds for crystallization, the rough structure 
of the surface thereof is coarse and has low regularity, and therefore 
diffracted light is hardly generated and only a slight amount of scattered 
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light is generated. On the other hand, the surface of the p-Si film 6 treated 
in such a laser energy range that increases crvstallinitv has a substantially 
regular micro-rough structure 7, which reflects the crystallinity. Therefore, 
when the test beam 3 is irradiated to this region, diffracted light 7 with 
sharp directivity is generated and the light reaches the detector 4. This 
light greatly differs from the scattered light level, and thus these two 
different lights can be clearly distinguished. Accordingly, it is possible to 
see the process where the state of the p-Si having been crystallized is 
changing slightly, and therefore the most suitable crystallization conditions 
can be determined with high sensitivity. 
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